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The Two Types of ENSO

(Yu and Kao 2007; Kao and Yu 2009)

Central-Pacific El Nino

30N

NINO 1+2

208 |

30S '—
100E 60w

Eastern-Pacific El Nino



Jet Propulsion Laboratory
SRy  California Institute of Technology

Regression-EOF Method for EP/CP-ENSO

(Kao and Yu 2009)
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Falling Ice (Snow) Radiation Effects over ITCZ, SPCZ and Warm Pool
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CloudSat + CALIPSO
Measurements are sensitive to:

> Floating ice

— Falling ice

All CMIP3 and most CMIP5 GCMs do
not consider falling ice radiative
effects.

Few GCMs in CMIP5 such as NASA-
GISS model, NCAR-CAMS5, GFDL-
AM3 and CSIRO etc include falling

ice radiative effects
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Bias of CMIP3, CMIP5 and CMIP6 (four) Ensemble Mean CIWP
vs Obs. Total CloudSat+CALIPSO ice water path (IWP)
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Li, J.-L. F., D. E. Waliser, W.-T. Chen, B. Guan, T. Kubar, G. Stephens, H-Y Ma, D. Ming, L. Donner, C. Seman, and L.
Horowitz, (2012), An observationally based evaluation of cloud ice water in CMIP3 and CMIP5 GCMs and
contemporary reanalyses using contemporary satellite data, J. Geophys. Res., doi:10.1029/2012JD017640.



Falling Ice (Snow) Radiation Effects over ITCZ, SPCZ and Warm Pool
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Precipitating Ice Radiative Effects in Cumulus Scheme in GCMs

Real World

Falling ice radiative
effects

Updraft

Cumulus
parametrization

Downdraft

!

OLR

1

ICE

Falling Ice
(SNOW)

Downward

SW‘

Excessive
OLR

Ignore or
underestimate
falling ice radiative
effects

Stronger ICE

Updraft

Cumulus
parametrization

Exdessive

Generate
Anomaly outflow




NCAR CESM1-CAM5 Snow-Radiation Effects Sensitivity Tests
Snow-Radiation effects ON (S)
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e NCAR CESM1-CAMS5: Exclusion of radiative diagnostic snow
- CESM1-CAM5-POP2: CMIP5 Historical Configuration (140 Years)
NoS = snow-radiation interaction OFF

S =snow-radiation ON
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The IMPACTS of Exclusion of Snow-Radiative Effects

Model Ocean Surface Wind Vector Changes
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(a) Surface Wlnd Stress 500*(NoS S) ANN (b) SST Changes NoS — S ANN
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Seasonal SST (140 W -100W,20S-5S)

305
3044 — Nos
303 — SON
302
301
300
299
298
297

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN




Jet Propulsion Laboratory
) California Institute of Technology

aLlvll

Bias of CMIP5 Ensemble Mean regu:
(b) CMIP5 IWP minus Obs.
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CMIP6 Surface Wind Stress BIAS

CMIP6 Taux Bias vs QUIKScat CMIP6 Tauy Bias vs QUIKScat ' CMIP6 Tau Vector Bias
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The CMIP6 bias of annual mean maps of: (a) east-west surface wind
stress magnitudes against QUIKSCAT; (b) same as in (a) but for
north-south surface wind magnitudes (Wind; m s71); (c) same as in (a)
but for the surface wind stress vectors from the 20" century (1970-
2005) simulations from the CMIPG6 historical run.




(a) Mean Surface Wind Stress QuikSCAT ANN
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(b) CMIP3 Bias Surface Wind Stress vs QuikSCAT
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(d) CMIP5 Bias Sea Surface Temperatures
Surface Wind Stress vs ERSST
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(c) CMIP5 Bias Surface Wind Stress vs QuikSCAT
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(a)Obseryation (ERSST)

Central Pacific ENSO Cycle (1900~2005) SST Anomaly
Observations and Modeling

(b)Snow-Radiative ON

(c)Snow-Radiative OFF
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Summary and Conclusion

Current GCMs exclude snow-radiative effects

Excluding snow-radiative effects leads to weakening surface
wind stress and warming SSTs in seasonal variation and CP-El
Nino

Including snow-radiative effects largely reduces the model
biases of CP-El Nino events

Inclusion of the contribution of the snow and its radiative
effects in models is important to improve the simulation of
the Pacific mean state, seasonal cycle, and CP-El Nifio



